ABSTRACT Coleomegilla maculata De Geer is an abundant, widely distributed, New World polyphagous lady beetle. High levels of variation at 14 polymorphic allozyme loci were used to examine breeding structure of populations from New England, Iowa, south Texas, and Honduras. Analysis of variance of gene frequencies and F-statistics showed high levels of gene ßow within each region and between the Texan and northern United States populations, but negligible rates of gene ßow between these and the Honduran populations. Thus, gene ßow was largely unrestricted in North American C. maculata. Honduras populations were highly differentiated genetically from the North American populations and shared with North American beetles only 41 of 70 alleles at 14 allozyme loci. NeiÕs genetic distances within Honduran, Texas, and IowaÐNew England samples did not differ signiÞcantly from zero, but the intergroup distances were large. Reciprocal crosses within and between Texas and Iowan populations were fertile, but reciprocal crosses between Honduran and North American strains were completely sterile. No consistent morphological differences between North and Central American C. maculata were detected. Backcrosses of male and female hybrids of Iowa and Texas beetles to either parental strain were fertile. The results indicate two sibling species are present, one in North America and another in Honduras.
Jefferson County, NY; and Ames, Story County, IA. Electromorphs form the above populations were examined with C. maculata collected from the Department of Francisco Morazan, Tegucigalpa, Honduras. Additional collections of C. maculata were made in June 1996 in Ames, Story County, IA, and in May 1996 and June 1997 from the Department of Francisco Morazan, Zamorano, Honduras. Collections were also made in Texas during June 1997 in the Rio Grande Valley, Progreso, Hidalgo County, and Moore Air Force Base, Hidalgo County. The Honduran genotypes were always compared with North American genotypes in each electrophoretic run. A sample of Þeld collected adults was conÞrmed as C. maculata by Natalia Vandenburg, USDA, SEL, Beltsville, MD.
Voucher specimens have been placed in the Iowa State University insect collection.
Electrophoresis. Electrophoretic methods have been set forth earlier (Krafsur et al. 1995) and are only brießy outlined here. Beetles were ground individually in a pH 8.6 grinding buffer (Black and Krafsur 1985a) . Vertical slab acrylamide gels consisted of 6.18% acrylamide plus 0.325% bis-acrylamide, 0.05% ammonium persulfate, and 0.15% TEMED in gel buffer.
Electrophoresis was performed in Hoefer SE600 (Amersham Pharmacia Biotech, Piscataway, NJ) gel boxes at 0 Ð 4ЊC. Only 1.2Ð2.5 l of sample homogenate was applied to each well and homogenates from 28 beetles were run on each gel.
We examined 14 loci that were shown earlier to be polymorphic (Krafsur et al. 1995) . Staining methods generally followed those of Murphy et al. (1990) . Agar overlays were used to resolve coupled reactions (e.g., adenylate kinase [Ak] , phosphoglucomutase [Pgm] , and isocitrate dehydrogenase [Idh] ).
Crosses Between Geographical Strains. Pairs of Iowa, Texas, and Honduras C. maculata were set up from Þeld collected adults in July 1997. These individuals were reared on pea aphids, Acrythosiphon pisum (Harris), and green peach aphids, Myzus persicae (Sulzer), using standard rearing procedures (Phoofolo and Obrycki 1997) . Three to Þve isofemale lines were established for each geographic population. Reciprocal crosses between populations were made by using F 1 laboratory reared individuals. Second laboratory generation hybrid males were backcrossed to parental populations. When feeding pairs, daily observations of mating were recorded, and egg masses were removed from the adult cages. Mating frequencies based on the foregoing observations were used to test for premating barriers. Egg masses were considered fertile if any eggs hatched.
Analysis of Data. An unbiased measure of gene diversity at a locus was measured by the statistic h e ϭ n(1Ð⌺p i 2 )/(n Ð1), where p i is each putative allele at the locus (Nei 1987) . Gene diversity for n loci is H E ϭ ⌺(h e )/n, with variance ⌺(h e ÐH E ) 2 /[n(n Ð1)]. H E and h e are the expected heterozygosities when mating is random and other HardyÐWeinberg assumptions apply. Gene frequency data were analyzed by using BIOSYS-1 (Swofford and Selander 1981) and GENES-TATS (Black and Krafsur 1985b) . WrightÕs (1978) methods were used to partition variance in gene frequencies into two components, within and among beetle collections. Chi-square tests of homogeneity of gene frequencies were done by using the methods of Workman and Niswander (1970) . Weir and Cockerham (1984) formulae were used to calculate F-statistics because their methods weight for variable sample sizes, number of alleles and populations, and provide standard errors. The F statistics are: F IS is the correlation of genes in individuals in populations; it measures the mean departure from random mating within populations and takes the expected value of Ð2N Ð1 (Nei 1987) . F ST is the average correlation of genes from two randomly chosen individuals in populations relative to the total. It has the expected value of ÐN Ð1 . F IT is the mean correlation of genes in individuals averaged over all populations and measures "inbreeding" from all causes. The hypothesis that F ST Ͼ 0 at a locus of k alleles and s subpopulations was tested according to the relationship, 2 ϭ 2N(F ST )(k Ð1) with (k Ð1)(s Ð1) degrees of freedom.
Genetic distances were calculated by using BIO-SYS-1. The measures adopted included the unbiased distance D of Nei (1987) and the arc distance of Cavalli-Sforza and Edwards (1967) . D is a commonly used index and the arc distance measure is advocated by Wright (1978) .
Results
Gene Diversities. Of 70 detected electrophoretic alleles, only 41 (58.6%) were shared between North American and Honduran lady beetles. There were 11 (Krafsur et al. 1995) , there were high levels of heterozygosity in C. maculata: mean heterozygosity was 0.244 Ϯ 0.068 over the 14 loci and 10 samples (Table 1 ). There were no signiÞcant differences among samples in mean alleles per locus (F ϭ 0.89; df ϭ 9, 379; P Ϸ 0.53). Expected sample heterozygosities differed (F ϭ 6.93; df ϭ 9, 379; P Ͻ 0.001). Using the Tukey multiple comparison test, nine of 45 pairwise comparisons were signiÞcant. Mean heterozygosities were 0.241 Ϯ 0.066 for the northern U.S. samples, 0.203 Ϯ 0.060 for the Texas samples, and 0.266 Ϯ 0.072 for the Honduran samples. These grouped samples differed signiÞcantly, each from the other (F ϭ 27.8; df ϭ 2, 387; P Ͻ 0.001).
Genotypic Differentiation. Chi-square tests showed no signiÞcant differentiation among the northern populations (Table 2) . South Texas populations differed signiÞcantly, however, at Pep-2, 6pgd, and Pgm. Genotypic differentiation among the Honduras samples was signiÞcant at loci coding for Had-1, 6pgd , Pgi, and Sod-1. Only Adk, ␣-Gpd, and Mpi were homogeneous over all populations, consistent with a hypothesis of selection. The large heterogeneity components (Table 2) indicate the population gene frequencies grouped by region differed greatly each from the other, and the Honduran populations differed the most.
Analysis of variance (ANOVA) and F-statistics. Partitioning of gene frequencies showed populations within the three regions accounted for 12.3% of the variance, but 30% of the total variance when grouped into two regions (Table 3 ). The among regions variance component was 88% of the total. The contrast between North American and Honduras gene frequencies accounted for 60% of the total variance. WrightÕs Þxation indices (each is an F ST estimate) varied from 0.08 for populations within the three regions to 0.43 among 10 populations. Under HardyÐ Weinberg conditions, these F statistics estimate the mean number of reproducing migrants per generation that would give the same gene frequencies as observed. The critical level is Ϸ1 (Wright 1978) above which no further drift would occur and below which drift will proceed to Þxation. Populations within three regions showed high levels of gene ßow (i.e., migration), but gene ßow was Ͻ1 reproducing individual between regions.
F statistics complement and extend the foregoing analyses by incorporating within (F IS ) and among (F ST ) population components for each locus (Table  4) . Mating was random within populations; the negative values of F IS indicate slight excesses of heterozygotes because when mating is random within subpopulations, the expected value of F IS ϭ Ð2N Ð1 . DeÞciencies of heterozygotes were detected only at 6pgd and SOD, but these probably were caused by difÞculty in observing some allele combinations. Matings among populations were clearly not random, and the mean over loci was F ST ϭ 0.46 Ϯ 0.09, a statistic that indicates about one reproducing beetle exchanged among populations every three generations. Of 14 loci, 10 were signiÞcantly greater than zero. The four loci that were not may be constrained by some kind of selection regime. (Fig. 1) , showing the striking clustering of populations within the three groups.
Beetle Fertilities. Reciprocal crosses within and between Iowa, Texas, and Honduras C. maculata showed that within strain matings were fertile (9 of 11 mating pairs, 82%) as were the crosses between Texas and Iowa beetles (9 of 10 pairs) (Table 6 ). But Iowa and Texas C. maculata were bidirectionally sterile when crossed to Honduras beetles (0 of 27 mating pairs), even though matings were observed to occur. These data indicate postmating reproductive isolation.
The frequency of matings varied greatly among the crosses (Table 7) . Chi-square analysis of the data are set forth in Table 8 . The major component of this variation (53.4%) can be attributed to the crosses between Honduran and North American beetles (Table 8). However, in the foregoing outcrosses of Honduran beetles, only 23.9% of the chi-square variance was attributed to the strain, whereas 65.2% was attributed to the difference between Honduran males and females. Honduran females were less likely to mate than Honduran males (11.8 versus 23.5%), even in intrastrain crosses (14.3% between Honduran beetles versus 34.8% in Iowa and Texas). Thus, the strain effect is largely an artifact of the reluctance of Honduras females to mate.
The spermathecae from four F 1 Honduran females that had been crossed with F 1 Texas males were dissected and only two contained motile sperm. The spermathecae of six F 1 Texas females crossed with F 1 Honduran males were dissected and all six contained motile sperm.
Do postmating barriers to gene ßow exist between south Texas and northern C. maculata? Testing the fertilities of hybrids of the heterogametic sex (males) provides the most sensitive test (Table 9 ). Male hybrids from Iowa ϫ Texas reciprocal crosses were backcrossed to the parental strains and tested for fertility. The proportion of fertile matings was 97% when hybrids were crossed to Iowa females and 100% when crossed to Texas females. Moreover, no differences in hybrid fertility were recorded that could be attributed to the strain of the male or female parents of hybrid males. Thus, no postmating barriers to gene ßow were detected.
Discussion
Honduran and North American C. maculata populations shared only a fraction (58.6%) of their allozyme variation, whereas 41.4% was unshared. These data suggest ancient separation of gene pools. In equilib- Iowa  Iowa  5  5  100  Texas  Texas  3  2  67  Honduras  Honduras  3  2  67  Iowa  Texas  5  4  80  Texas  Iowa  5  5  100  Honduras  Texas  5  0  0  Honduras  Iowa  8  0  0  Texas  Honduras  6  0  0  Iowa  Honduras  8  0  0 Crosses were made with F 1 beetles bred in the laboratory. September 2000 KRAFSUR AND OBRYCKI: C. maculata SPECIES COMPLEXrium populations, F ST can be used to estimate migration. Migration rates of Nm Ͻ 1 per generation predict further genetic differentiation via drift, whereas values Ͼ1 prevent it (Wright 1978) . The F ST estimate of 0.24 between North American and Honduran lady beetles predicts much less than the critical level of one reproducing migrant per generation. This datum does not conÞrm speciation, but it is consistent with speciation because it connotes reproductive isolation.
Reciprocal crosses between Texas and Iowa C. maculata showed that the North American forms were interfertile. Honduran beetles also were fertile in intrastrain crosses. But the Central American samples were completely sterile when crossed reciprocally with North American C. maculata, conÞrming the patterns shown by gene frequencies. As genetic differentiation proceeds, postmating isolating mechanisms increase. These usually appear Þrst in hybrids of the heterogametic sex, which can be semisterile or altogether sterile (Orr 1997) . Hybrid male progeny of reciprocal Iowa ϫ Texas intercrosses were fertile when crossed to either parental strain.
Mating frequencies were estimated to test for premating isolation. No such isolation was detected. There was much heterogeneity in the mating rates and most of this was attributed to the reluctance of Honduran females to mate even with their own males.
The genetic distances between the North American and Honduran C. maculata are sufÞcient to ask if the species represent divergence from an immediate common ancestor or convergence from different ancestors. These lady birds are aposematically colored (BrakeÞeld 1985) and, in principle, could be Mullerian mimics by convergence. But their gross morphological similarities were strong, so divergence from an immediate common ancestor seems a much more likely hypothesis.
The reproductive isolation we detected could, in principle, have been largely extra-chromosomal. Longstanding bidirectional cytoplasmic incompatibility caused by the rickettsia Wolbachia or other bacteria (Werren 1997) could account for our observations. Indeed, there is good evidence that reproductive barriers between some sympatric species and subspecies of crickets Gryllus and chrysomelid beetle Diabrotica are maintained by Wolbachia (Giordano et al. 1997 The basis for establishing subspecies in C. maculata appears to have been variation in adult size and color patterns among geographic populations (Timberlake 1943 , Gordon 1985 . For some subspeciÞc designations, size and color variation is associated with minor morphological differences in male genitalia (Gordon 1985) . Three of the races of C. maculata described by Timberlake (1943) were based on one or two museum specimens each from a single collection. Because color, size, and morphology are continuous variables and greatly inßuenced by environment, we argue that these variables cannot legitimately be used for intraspeciÞc designations without replicated studies, coupled with breeding work, to support a measure of reproductive isolation. Because population genetic research shows that mating is essentially random among the diverse North American populations from New England, Maryland, the Midwest, and Texas (Coll et al. 1994 , Krafsur et al. 1995 , we question the value of some of the subspeciÞc designations in C. maculata.
To conclude, our data indicate that the Honduran C. maculata samples represent a sibling species even though we could not Þnd obvious morphological divergence. We base this hypothesis on the differences in gene frequencies, lack of fertile crosses with North American populations, and differences in prey suitability (Munyaneza and Obrycki 1998) .
